We briefly discuss the first direct experimental evidence from LEP2 on nonvanishing trilinear couplings among the weak vector bosons. Subsequently we review the improved Born approximation to include radiative corrections. Provided the appropriate high-energy scale is used for the SU(2) gauge-coupling, the improved Born approximation is sufficiently accurate for all practical purposes at LEP2.
The process of W-pair production in e + e − annihilation is presently studied experimentally at LEP2. In the future, it will be one of the outstanding processes at a linear collider in the TeV energy range. The process of W-pair production yields direct experimental information on the non-Abelian couplings characteristic for the SU(2) × U(1) electroweak theory and allows to put bounds on potential non-standard Z 0 W + W − and γW + W − couplings [1, 2] . Indeed, even after a fairly short time of running, LEP2 results from the L3 collaboration have provided direct experimental evidence [3] for the existence of a genuine trilinear coupling between the members of the W ± , W 0 triplet characteristic for the non-Abelian structure of the basic Lagrangian. A vanishing genuine trilinear coupling in the basic electroweak Lagrangian,ĝ = 0, is excluded at 95 % C.L. in a two-parameter, g, ∆κ γ ≡ κ γ − 1, analysis of the experimental data, where κ γ denotes the electromagnetic dipole coupling of the W ± . This is shown in fig. 1 taken from ref. [3] . The analysis of the experimental data, without much loss of generality, is based on custodial SU(2) symmetry for the couplings among the vector bosons, i.e. on imposing restoration of SU (2) for vanishing electromagnetic coupling, e = 0 [4, 2] . Under this constraint, deviations from the standard value, of the Z µν dipole coupling, κ Z = 1, are proportional to ∆κ γ , thus reducing the number of independent dim.4 couplings in the phenomenological vector-boson Lagrangian from three to two, the Z 0 W + W − coupling, g ZW + W − , and the electromagnetic dipole coupling κ γ of the W ± . In fig. 1 , the experimental bounds on the deviations of these couplings from their Standard Model values,
In what follows, I will concentrate on briefly describing a simple approximate treatment of radiative correction to e + e − → W + W − relevant at LEP2 energies. It is based on a recent paper in collaboration with Masaaki Kuroda and Ingolf Kuss [5] , which in turn rests heavily on previous work by Böhm, Denner and Dittmaier [6] . Essentially, I wish to stress that an accuracy of the order of 0.5 % can be reached for the radiatively corrected differential cross section of e + e − → W + W − at LEP2 energies by supplementing the Born approximation by Coulomb corrections and initial-state-radiation. An appropriate choice of the scale, in particular for the SU(2) gauge coupling, and also for the electromagnetic coupling in the Born approximation is a prerequisite for obtaining this accuracy of approximately 0.5 %.
The Born amplitude is most transparently derived [5] directly from the basic Lagrangian of the SU(2) × U(1) theory by treating BW 3 mixing perturbatively (to all orders of the mixing). Compare the Feynman diagrams in fig. 2 . Upon replacing g ′2 by e 2 via g ′2 ≡ e 2 /(1−e/g 2 W ± ), from the Feynman diagrams of fig. 2 , one obtains the Born amplitude directly in terms of the SU(2) coupling, g W ± , and the electromagnetic coupling, e, with the weak isospin amplitude (modified by the replacement of
W in the propagator via BW 3 mixing) being given by
while the electromagnetic amplitude has the double-pole structure
For the explicit form of the s-channel and t-channel quantities, M s and M t in terms of the kinematic variables s and t and the particle helicities we refer to ref. [7] .
The calculation of the cross section for e + e − → W + W − from (1) requires a specification of the scale at which the SU(2) gauge coupling, g W ± , and the electromagnetic coupling, e, in (1) are to be defined. As W -pairs are produced at energies of 2M W ± < ∼ √ s ∼ 200GeV at LEP2, it is natural to choose a high-energy scale, such as √ s. We expect it to be sufficiently accurate to use the scale
The W branching ratio not being experimentally known with sufficient accuracy, it must be expressed in terms of the Fermi coupling, G µ . The SU(2) gauge coupling (4) then becomes [8] 
where the one-loop correction, ∆y SC , derives from the change of scale from µ ± decay, where G µ is defined, to W ± decay. It (obviously) contains a sum of two contributions,
The fermion contribution, essentially due to contributions of the light leptons and quarks to the W propagator, leads to an increase of g W ± , when taken by itself, as
The bosonic contribution, on the other hand, with
1 The dependence on the mass of the top quark, m t , is practically negligible, as ∆y
leads to a decrease of g W ± . The overall correction,
which is practically independent of the top quark and Higgs boson masses, thus results in a decrease of the coupling g W ± (M 2 W ± ) in (5) relative to the low-energy value, g
Finally, we have to specify the electromagnetic coupling, e, in (1), which is given by [9] e
Improving the Born approximation (1) by Coulomb corrections and initial state radiation [6] , the differential cross section for W ± pair production in e + e − annihilation becomes [5] 
We note that the weak interaction term in (11) is dominant relative to the electromagnetic one. Accordingly, the effect of chosing the appropriate high-energy scale in g W ± is most important and may easily be estimated. Neglecting M Q , the decrease of the normalized cross section due to ∆y SC = 0,
becomes δ∆ IBA ≃ −2∆y SC = −0.66%.
The quality of the improved Born approximation (11) is obtained by adding δ∆ IBA to the quantity ∆ IBA , which results from comparing (11) for ∆y SC = 0 with the full one-loop results [6, 7, 10] . The detailed numerical results results in Table 1 [5] indeed show that the improved Born approximation with inclusion of ∆y SC = 0 yields an accuracy below 1 %, which is sufficiently accurate for all practical purposes.
We finally comment on the significance of the appropriate choice of the high-energy scale in the weak coupling, g
, with respect to recent one-loop calculations [11] which incorporate the decay of the W ± into 4 fermions in a gauge-invariant formulation. These calculations take into account fermion-loops only. While interesting as a first step towards a full one-loop evaluation of e + e − → 4 fermions, the numerical results of a calculation including fermion loops only can easily be estimated within the present framework of stable W ± to enlarge the cross section appreciably. In fact, taking into account fermion loops only, the estimate (13) changes sign and becomes , of the IBA from the full one-loop result is obtained by adding the correction δ∆ IBA resulting from using the appropriate high energy scale in the SU(2) coupling, to the percentage deviation, ∆ IBA , based on using the low-energy scale in the SU(2) coupling, i.e. ∆y SC = 0. (From [5] ) and the total deviation from the full one-loop results (using ∆ IBA ≃ 1.2% from Table 1) rises to values of
Accordingly, results from fermion-loop calculations including the decay of the W ± are expected to overestimate the cross section by almost 3 % relative to the (so far unknown) outcome of a calculation of e + e − → 4 fermions including bosonic loops as well. It is gratifying, that a simple procedure immediately suggests itself for improving the large discrepancy (15). One simply has to approximate the bosonic loop corrections by using the substitution
with ∆y SC bos = 11.1 × 10 −3 in the four-fermion production amplitudes. Substitution (16) practically amounts to using g W ± (M 2 W ) in four-fermion production as well. With substitution (16), it is indeed to be expected that the deviation of four-fermion production in the fermion-loop scheme will be diminished from the above estimated value of ≃ 2.8% to a value below 1 %.
In conclusion, evaluating the Born approximation for e + e − → W + W − with the SU(2) gauge coupling and the electromagnetic coupling at the appropriate high-energy scale, and supplementing with Coulomb corrections and initial state radiation, yields differential cross sections which are sufficiently accurate for all practical purposes at LEP2.
Calculations of e + e − → 4 fermions in the fermion-loop scheme overestimate the true cross section by a non-negligible amount, unless bosonic loops are globally included by the appropriate choice of the SU(2) gauge coupling. And last not least, first experimental results from LEP2 gave direct experimental evidence for a non-vanishing trilinear coupling among the vector bosons characteristic for the non-Abelian structure of the SU(2) × U(1) electroweak theory.
